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(54) Electronic identification system 

(57) An electronic identification system e.g. for iden- 
tifying goods in a retail store, comprises an interrogator 
and a number of transponders. Each transponder in- 
cludes a number of data registers, and a counter for se- 
lecting the registers one at a time in sequence. When 
the transponder receives an interrogation signal from 
the interrogator, it returns a response signal containing 



data from the currently selected register. When the 
transponder receives a switch signal from the interroga- 
tor, it steps the counter on to select the next register in 
the sequence. One of the bits in the selected register 
may be used as a mode switching bit, for switching the 
response signal between a normal power level and a 
reduced power level. 
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Description 

Background to the Invention 

This invention relates to an electronic identification 
system comprising a plurality of transponders, and an 
interrogator for interrogating the transponders to obtain 
information stored in the transponders. The invention al- 
so relates to a transponder for use in such an identifica- 
tion system. The invention is particularly, although not 
exclusively, concerned with an electronic identification 
system using radio frequency (RF) technology for com- 
munication between the interrogator and the transpond- 
ers. 

Such an electronic identification system is de- 
scribed for example in European Patent Applications EP 
0494114, EP 0585132 and EP 0598624, and in PCT 
Patent Application WO 93/17404. 

Such systems have many potential applications, 
such as tagging goods, mail, vehicles or animals. For 
example, such a system could be used in a retail store 
to identify goods presented by a customer at a checkout. 
The transponders could be incorporated in tags at- 
tached to the goods or to their packaging. Another ap- 
plication is in the control of packages through a transit 
route. In this case the transponders would be attached 
to the packages and interrogated to obtain routing infor- 
mation. 

In conventional transponders of this kind, the data 
to be output from the transponder when interrogated is 
stored in a register. In some applications, the amount of 
stored data may be quite large: for example, in a pack- 
age routing system, it may be required to hold routing 
information for each of a number of points in a chain. 
However, the more dala that is stored, the longer it takes 
to transmit it all when the transponder is interrogated. 
Moreover, the interrogator has to be able to select the 
appropriate information from a long string of data. 

One object of the invention is to provide a novel 
electronic identification system which is capable of over- 
coming these problems. 

Summary of the invention 

According to the invention there is provided an elec- 
tronic identification system comprising at least one in- 
terrogator and a plurality of transponders, wherein each 
of said transponders includes: 

(a) a plurality of registers containing data; 

(b) selection means for selecting one of said regis- 
ters; 

(c) means for returning a response signal to the in- 
terrogator in response to an interrogation signal 
from the interrogator, said response signal contain- 
ing data from the currently selected one of said reg- 



isters; and 

(d) control means for causing said selection means 
to select another one of said registers. 

£ 

Brief Description of the Drawings 

Figure 1 is a schematic diagram showing an elec- 
tronic identification system in accordance with the in- 
io vention. 

Figure 2 is a block diagram of an interrogator. 
Figure 3 is a flowchart showing the operation of the 
interrogator. 

Figure 4 is a block diagram of a transponder. 
15 Figure 5 is a flow chart showing the operation of the 
transponder. 

Description of an Embodiment of the Invention 

One embodiment of the invention will now be de- 
scribed by way of example with reference to the accom- 
panying drawings. 

Referring to Figure 1 , this shows an electronic iden- 
tification system comprising an interrogator 10 and a 
plurality of transponders 1 1 . The interrogator is connect- 
ed to a host computer 12. 

Referring to Figure 2, this shows the interrogator in 
more detail. The interrogator comprises an RF antenna 
20, a transmitter circuit 21, a receiver circuit 22, and a 
controlling microprocessor 23. The antenna 20 is con- 
nected to both the transmitter and receiver circuits, and 
serves both for transmission and reception. The trans- 
mitter circuit is controlled by the microprocessor and, 
when powered up, generates an interrogation signal, 
comprising a continuous RF carrier signal. 

As will be described, any transponders that detect 
the interrogation signal return a response signal, com- 
prising an RF carrier signal modulated with coded data. 
The response signal is received by the antenna 20, and 
passed to the receiver circuit 22. The receiver circuit de- 
modulates the response signal, by mixing it with an RF 
reference signal derived from the transmitter circuit, and 
passes the demodulated signal to the microprocessor 
23 for decoding. The decoded data is then passed to 
the host computer 12. When the host computer detects 
that all the transponders have responded (e.g. because 
a time-out period has expired with no further responses) 
the host computer sends an END signal to the micro- 
processor. 

Figure 3 shows a flowchart of the operation of the 
microprocessor 23. Initially, the microprocessor powers 
up the transmitter (step 30), so as to start transmitting 
the interrogation signal. The microprocessor then enters 
a loop in which it checks whether the END signal is 
present (step 31) and whether a response signal has 
been received from a transponder (step 32). When a re- 
sponse is received, the microprocessor decodes it, and 
performs a redundancy check to check whether the re- 
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sponse is valid (step 33). If the response is not valid (e. 
g. because two transponders have returned responses 
simultaneously, so that their responses interfere with 
each other), the response is ignored and the microproc- 
essor returns to await another response. When a valid 
response is detected, the microprocessor outputs the 
decoded data to the host computer and instructs the 
transmitter to send an ACK signal (step 34). The ACK 
signal consists of an interruption to the interrogation sig- 
nal for one clock period, and serves as an acknowledge- 
ment to the transponder that its response has been cor- 
rectly received. The microprocessor then loops back to 
step 31 to await the next response. 

The microprocessor repeats this process until an 
END signal is received from the host computer at step 
31 , indicating that responses have been received from 
all the transponders. It then checks whether or not 
switching is enabled in the interrogator (step 35). If so, 
a SWITCH signal is sent (step 36). This signal consists 
of an interruption of the RF carrier for two clock periods, 
and hence is distinguished from the ACK signal. As will 
be described, the SWITCH signal steps a counter in 
each transponder that receives it. If switching is not en- 
abled, no SWITCH signal is sent. Finally, the transmitter 
is powered down (step 37). 

Referring now to Figure 4 : this shows one of the 
transponders in more detail. The transponder compris- 
es an antenna 40, a power supply 41 , a code generator 
42, a modulator 43, a variable attenuator 44 : gap detec- 
tion logic 45, a clock circuit 46, a counter 47, a plurality 
of data registers 48, and a data selector 49. 

The antenna 40 serves for both transmission and 
reception and may, for example, comprise a printed con- 
ductive pattern. The power supply 41 comprises a di- 
ode, which rectifies the received RF signal and charges 
a capacitor. Thus, the transponder derives all its power 
from the incoming RF signal, and does not require any 
internal power source. The power supply provides pow- 
er for the code generator, clock circuit and gap detection 
logic. 

Each of the data registers 48 holds a data item to 
be returned to the interrogator when the transponder is 
interrogated. The data registers 48 are stored in a non- 
volatile memory, so that their contents are preserved 
even when the transponder is powered down. This non- 
volatile memory may be of the type which can be re- 
written, or may be of the type which, once written to, 
cannot be re-written. 

The data selector circuit 49 selects one of these da- 
ta registers, according to the value of the counter 47. 
The output of the selected data register is fed to the code 
generator 42, which encodes the contents of this data 
register, e.g. using a Manchester code. The modulator 
43 modulates this coded signal on to the carrier wave 
received from the antenna, and feeds this modulated 
carrier by way of the attenuator 44 to the antenna 40, 
for transmission as a response signal. 

One of the bits (e.g. the most significant bit) of the 



selected data register is used as a control bit for the at- 
tenuator 44. When this bit is true, the attenuator reduces 
the power level of the response signal from its normal 
level to a lower level. In other words, the transponder 

5 has two modes: a normal power mode and a reduced 
power mode. In the normal power mode, the signal level 
is such that it can be detected by the interrogator from 
a range of typically 2 metres. In the reduced power 
mode, on the other hand, the signal level is such that it 

io can be detected only from a range of 1 0 centimetres or 
less. 

The gap detection logic 45 detects both ACK sig- 
nals and SWITCH signals. The SWITCH signal causes 
the counter 47 to be incremented, so that it selects the 

15 next data register in sequence. The counter 47 is cyclic, 
so that when it passes its maximum count value, it re- 
turns to 7ero. The counter 47 is stored in a re-writable 
non-volatile memory, so that it its contents are pre- 
served even when the transponder is powered down. 

20 Figure 5 is a flowchart showing the operation of the 
transponder. The code generator is powered up when- 
ever an interrogation signal is received from the interro- 
gator (step 50). When powered up, the code generator 
starts an internal counter, which generates a preset de- 

25 lay period (step 51). This delay period is chosen at ran- 
dom for each transponder so that, in general, each 
transponder has a different delay. The transponder then 
enters a loop (step 52) in which it waits for this delay 
period to expire. When the delay period expires, the 

30 code generator sends the data from the currently select- 
ed data register to the modulator for transmission as a 
response to the interrogation signal (step 53). 

The transponder then waits tor a predetermined 
number of clock periods, and then checks whether an 

35 ACK has been delected (step 54). If no ACK is delected 
at the appropriate time, this indicates that the response 
has not been correctly received by the interrogator, 
probably because of interference with another trans- 
ponder. In this case, the transponder returns to step 51 , 

40 restarting the delay period, and the response is retrans- 
mitted after the delay expires. It can be seen that, if the 
delay periods of the two interfering transponders are dif- 
ferent, they will retransmit at different times, and so 
avoid interference. 

45 When an ACK is detected, transmission is disabled 
(step 55), so that no further responses are sent. The 
transponder then enters a loop (step 56), waiting for a 
SWITCH signal. When a SWITCH is received, the trans- 
ponder increments the counter 47 (step 57) and then 

50 enters an idle loop (step 58), in which it remains until 
power is removed. If, however, the transponder is pow- 
ered down before any SWITCH signal is received, the 
counter remains in its current state. 

One application of the identification system de- 

55 scribed above is in a system for automatically routing 
packages. The transponders may, for example, be in- 
corporated into tags or labels attached to packages to 
be routed. The registers in each transponder are pro- 
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grammed with the addresses of successive sorting 
points along the route 

Each sorting point along the route includes an inter- 
rogator which reads the transponders attached to a 
batch of packages, and passes the information to its lo- 
cal host computer, so that the computer can determine 
how the packages are to be routed to the next routing 
point. When all the packages in a batch have been in- 
terrogated, the interrogator issues a SWITCH signal, 
which causes the counters in all the transponders to be 
incremented, so that the next register is selected. 

An alternative application of the identification sys- 
tem described above is in a retail store. Each item in the 
store has a label containing a transponder. The first reg- 
ister in each item contains an identity code identifying 
the item. The control bit of this first register is set to '1 " 
so that when this register is selected, the transponder 
is put into its high power mode. The second register in 
each item contains other information, which may be re- 
quired after purchase of the item. The control bit of this 
second register is set to "0" so that when this register is 
selected, the transponder is put into its low power mode. 
Initially, the counter in each transponder is set to select 
the first register. 

When a customer wishes to purchase one or more 
items, the customer passes the items through a check- 
out station which contains an interrogator as described 
above. The interrogator interrogates the transponders, 
so as to obtain their identity codes, and passes these 
codes to a point-of-sale computer for pricing. After all 
the transponders have been interrogated the interroga- 
tor sends a SWITCH signal. This steps the counters in 
all the transponders so that they now select the second 
register. This puts all the transponders into the reduced 
power mode. 

The store has one or more anti-theft gates, posi- 
tioned at the store exits. Each of these gates contains 
an interrogator, which interrogates any transponders 
that pass it. The anti-theft gate is designed so that it is 
impossible to bring any transponder closer than about 
15 centimetres to the antenna of the interrogator. This 
means that any transponder in the reduced power mode 
will not be detected by the anti-theft gate, because its 
signal power level is insufficient to be detected over a 
range greater than 10 centimetres. However, any trans- 
ponder still in the normal power mode will be detected, 
and this will trigger an audible or visible alarm. 

I n summary, it can be seen that when goods are tak- 
en through the checkout, their transponders are modi- 
fied so as to reduce their signal power levels. This en- 
sures that the goods will not erroneously trigger the anti- 
theft gate when they are taken out of the store, or if they 
are subsequently brought back into the store (e.g. as an 
item of clothing worn by the customer). However, it is 
still possible to interrogate the transponders if required, 
using equipment that can accept the reduced signal 
power level. For example, a customer services desk in 
the store may contain an interrogator, positioned imme- 



diately under the counter so that transponders may be 
brought very close to the interrogator's antenna. Such 
an interrogator would therefore be able to read the trans- 
ponders of articles that had been purchased and re- 
s turned for exchange or refund. 

It will be appreciated that many modifications may 
be made to the system described above without depart- 
ing Trom Ihe scope of the invention. 

10 

Claims 

1. An electronic identification system comprising at 
least one interrogator and a plurality of transpond- 

15 ers, wherein each of said transponders includes: 

(a) a plurality of registers containing data; 

(b) selection means for selecting one of said 
20 registers; 

(c) means for returning a response signal to the 
interrogator in response to an interrogation sig- 
nal from the interrogator, said response signal 

25 containing data from the currently selected one 

of said registers; and 

(d) control means for causing said selection 
means to select another one of said registers. 

30 

2. A system according to Claim 1 wherein said control 
means comprises means for causing said selection 
means to select another one of said registers in re- 
sponse to a switching signal from the interrogator. 

35 

3. A system according to Claim 2 wherein said inter- 
rogator includes means for selectively transmitting 
the switching signal after receiving response sig- 
nals from said transponders. 

40 

4. A system according to any preceding claim wherein 
said selection means comprises means for select- 
ing said registers in a predetermined sequence. 

45 5. a system according to Claim 4 wherein the selec- 
tion means comprises a counter. 

6. A system according to Claim 5 wherein said counter 
has a cyclic count sequence. 

50 

7. A system according to any preceding claim includ- 
ing means for using a predetermined bit of the cur- 
rently selected one of said registers to switch the 
transponder between a first mode, in which said re- 

55 sponse signal has a first predetermined power lev- 
el, and a second mode in which said response sig- 
nal has a second, lower predetermined power level. 
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8. A system according to Claim 7 including a plurality 
of interrogators, wherein at least one of said inter- 
rogators is capable of detecting said response sig- 
nal at said first power level but not at said second 
power level, and wherein at least one other of said £ 
interrogators is capable of detecting said response 
signal at both said first and second power levels. 

9. A transponder for use in an electronic identification 
system, the transponder including: to 

(a) a plurality of registers containing data; 

(b) selection means for selecting one of said 
registers; 15 

(c) means for transmitting a response signal in 
response to receipt of an interrogation signal, 
said response signal containing data from the 
currently selected one of said registers; and 20 

(d) control means for causing said selection 
means to select another of said registers. 

10. A transponder according to Claim 9 wherein said 25 
control means comprises means for causing said 
selection means to select another o1 said registers 

in response to receipt of a switching signal. 

11. A transponder according to Claim 9 or 10 wherein 30 
said selection means comprises means for select- 
ing said registers in a predetermined sequence. 

12. A transponder according to Claim 11 wherein the 
selection means comprises a counter. 35 

13. A transponder according to Claim 12 wherein said 
counter has a cyclic count sequence. 

14. A transponder according to any one of Claims 9 to 40 
1 3 including means for using a predetermined bit of 

the currently selected one of said registers to switch 
the transponder between a first mode, in which said 
response signal has a first predetermined power 
level, and a second mode in which said response 45 
signal has a second, lower predetermined power 
level. 
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